Ultraviolet light/Unscheduled DNA synthesis/Dose-survival curves Relationship between levels of ultraviolet light (UV)-induced unscheduled DNA synthesis (UDS) and sensitivities to cell killing action of UV was examined, using various mouse cell lines. The level of UDS did not correlate with UV sensitivity in terms of Do values in dose survival curves. This result suggests that UDS as measured by a routine method in mouse cell may reflect other factors than repair capacity. Difference in genome size among cells was suggested, as one of the possible factors, to affect "apparent UDS capacity", by using the DNA microfluorometry combined with autoradiography.
INTRODUCTION
Unscheduled DNA synthesis, UDS, as measured by incorporation of 3H thymidine into DNA of cells after treatment with radiation or chemicals, has been generally used as a convenient indicator of excision repair of damages induced on DNA. For example, the measurement of UDS has been proposed"'), and used as one of the possible short term tests for mutagenecity screening','). In many studies of cellular aging, changes in UV-induced UDS ability were assayed in mammalian cells, and it was found in some of the experiments that cells in the terminal passages have reduced their capacity for UDS. In such cases, results were often interpreted as that DNA repair capability is reduced with cellular aging ', 6) In the mouse cell, however, conflicting data were obtained with UDS. Peleg et al. ' ) reported that the capacity to repair of UV damage is impaired in cells obtained from mouse embryo at late stages of development (17-19 days after gestation), while cells from mouse embryo at 13-15 days gestation perform unscheduled DNA synthesis after UV irradiation. Meek et al .') showed a con siderable level of UDS in the cells from an embryo at day 19 of gestation, and Yagi9) reported no difference in the level of UDS between the cells derived from embryos at days 14 and 18 of gestation.
It was reported that the ability for UDS in mouse cells from embryos was subjected to an in vitro age-associated decline" 10), and UDS capacity increased to high level after spontaneous transformation').
On the other hand, Sasaki' 1) and Yagi9) found that the level of UDS was low in the cells from embryo of mouse, increased gradually by subculturing cells and underwent decline again after spontaneous transformation.
Furthermore, Yagi9) reported recently that the apparently high levels of UDS at certain passage are not quantitatively related to high levels of cell survivals, suggesting that UDS capacity in mouse cells may not represent the true quantity of repair of DNA damage.
The present study was undertaken to examine whether or not the level of UV-induced UDS in various cells derived from mouse embryos correlates with UV sensitivities in terms of colony forming abilities.
MATERIALS AND METHODS
Cells: Mouse L cells and BALB/3T3 (clone A31) cells were kindly supplied from Dr. J. Miyakoshi (Kyoto College of Pharmacy) and Dr. O. Niwa (Kyoto University), respectively. All other cell lines denoted as B, T , or p were isolated from 18 days embryos of a C57BL mouse in our laboratory. Cell passage was done as follows: every 3 days at 3 x 105 cells/60 mm-dish (line B), every 7 days at 105 cells (line T), and at a split ratio of 1:2 (p1, p4, p10). The population doubling numbers were calculated by the method of Ban et al . 12) . B lines were used in the assays after 215 days culture, and their final population doubling numbers varied from 73.7 (B-16) to 125.0 (B-17). T lines were used after 42 63 days culture at passage 7-10 (T-1E and T-2L) and after 190 days culture at passage 28 (T-1L, T-2L). The p1 and p4 cells were used as cells in earlier passages (PDN's are 1 and 4, respectively).
Culture Media: Culture were usually maintained in Eagle's minimal essential medium, MEM (Nissui, Japan), supplemented with 10% calf bovine serum (Flow Laboratories), while in the second series of survival assays (specified later) , alpha-modified MEM (Flow Laboratories) supplemented with 10% calf bovine serum was used.
Survival Assay: Freeze-stored mouse cells were rapidly thawed, plated into 60 mm-dish (Cowning) and rinsed twice with Dulbecco's phosphate buffered saline (PBS) after cells were attached to the dish. After 2-3 days incubation in a C02 incubator, the cells were seeded at 105 cells per 100 mm-dish , and cultured for 3 days. Exponentially growing cells were harvested , and appropriate number of cells were inoculated into 60 mm-dish. After 6-9 h incubation in CO2 incu bator at 37°C, the medium was removed, and the cells were rinsed twice with PBS and irradiated with UV radiation (predominant at 254 nm) at the dose rate of 0.5-0.53 J/m2/sec. In the first series of experiments (Series I), 105 cells of B-19 line irradiated with 5 kR X-rays were added to dish as feeder cells in order to increase the plating efficiencies. The use of feeder cells did not change the shape of dose-survival curves for UV-irradiated BALB/3T3 and L cells (Fig. 2b) . In the later series (Series II), feeder cells were omitted and alpha-modified MEM, instead of MEM, supplemented with 10% calf serum was used as culture medium. The cells were incubated without medium change for 8-12 days until colonies were formed. Colonies were fixed with ethanol, stained with Giemsa, and then scored.
Measurement of UDS: The cells were seeded at 3-4 x 104 cells per 35 mm dish in which a 23 x 24 mm coverslip had been placed. Next day, the medium was removed, and the cells on the coverslip were rinsed twice with PBS and exposed to 15 or 30 J/m2 of UV radiation at the dose rate of 0.50-0.53 J/ m2/sec. The cells were incubated in the medium containing 3H-thymidine (5 jCi/ml, 25 Ci/mmole) for 4 h, followed by incubation in the medium with non radioactive thymidine (5 pg/ml) for 1 h. The cells were fixed with methanol, rinsed with 5% trichloroacetic acid and water. Dried coverslips were dipped into 2-fold-diluted NRM2 nuclear emulsion (Sakura). After exposure for a week in refrigerator, autoradiograms were developed and stained with Giemsa solution. The numbers of grains on lightly labeled nuclei were scored to quantitate UDS. More than 100 cells were scored for each sample. The level of UDS was estimated by calculating average number of grains/nucleus, which was corrected by sub tracting that of non-irradiated control.
DNA Microfluorometry
with Autoradiography: The specimens were pre pared by essentially the same method as already described for UDS except that 10 pCi/ml of 3H-thymidine was used and also that cells on coverslips were fixed immediately after 3 h post-UV incubation. The preparations were stained for DNA by a fluorescent pararosaniline Schiff's nuclear reaction and processed for autoradiography.
DNA content and relative labeling intensity of each cell was simultaneously measured by a microfluorometry Olympus MMSP-RFS equipped with a data-processing system, HP-8513''4) RESULTS AND DISCUSSION (Fig. 2a) . However, the dose-survival curves of BALB/3T3 and L cells showed shoulder (Fig. 2b) , and B-16 showed a biphasic curve having a steeper slope of the first component and less steeper slope of the second compo nent (Fig. 2c) . As a first approximation for the comparison of UV-sensitivities, Do values were calculated from the dose-survival curves as summarized in Table 1 . Do values ranged from 4.0 J/m2 (B-12) to 6.0 (B-14). Among cell lines that showed linear dose-survival curves, the sensitivity are readily comparable by use of Do values. On the other hand, differences in UV sensitivity between line B (except B-16) and BALB/3T3, L or B-16 cannot be compared simply in terms of Do values, because of the difference in the shape of dose-survival curves (Fig. 2) .
Basing upon the results of dose-survival assays, 6 lines were chosen for UDS assay. B-3 and B-12 lines were chosen as UV-sensitive lines, B-14 was chosen as less sensitive line. B-16, BALB/3T3 and L lines were chosen because of their characteristic feature of dose-survival curves; the former one (B-16) shows a biphasic curve and the latter two exhibit curves with a shoulder. In addition, pl and p10 cells were tested for UDS ability in order to examine the effects of cell passage on UDS ability, although no dose-survival curves are available for Among the cells examined, pl cells showed the lowest level of UDS, suggest ing that passaging cells tends to increase the UDS capacity.
The second series (Series II) of experiments were carried out (1) to confirm a trend of increase in UDS level during passaging cells, and (2) to know about change in UV sensitivity during subcultivation.
T-1 and T-2 lines were tested at passages 7-10 (T-1E and T-2E) and at passage 28 (T-1L and T-2L), and pl or p4 cells were re-examined as the cells in early passage. In survival assay, two or more experiments were carried out to determine the dose-survival curve as shown in Fig. 4 . The data of pl and p4 were combined, since they showed essentially the same UV dose survival curve (Fig. 4a) . In the case of T-1 line (Fig. 4b) , UV sensitivities are different between cells in early passage (1E) and late passage (1L), while T-2 line showed no clear change in UV sensitivity during further subcultur ing (Fig. 4c) . Dose-survival curves are essentially linear, so that UV-sensitivities can be readily comparable between these lines in terms of Do values, as shown in parentheses in Fig UDS assay in Series II revealed that the levels of UDS of T-1E, T-1L and T-2L were higher than those of T-2E and p4 (Fig. 5) . The level of UDS of p4, the cells in early passage, is low. Althogh T-2E retained low UDS capacity, it appeared that passaging cells tend to increase the UDS ability. The increase in UDS level in the cells before spontaneous transformation, such as p10 and T-1E, is in accord with observations of Yagi9) and Sasaki") but disagrees with results The comparison between Do values and UDS (Fig. 5 ) indicates again, that the level of UDS does not correlate with colony forming ability: Do values of T-1E and T-1L are different (Fig. 4b) , while both have equally high UDS levels. T-2E and T-2L have similar Do values, while the levels of UDS are different. The finding of no correlation between UDS level and UV sensitivity is in accord with the result of Yagi9). This may strongly suggest that in mouse cells UDS capacity does not reflect the real capacity for repair of UV-induced DNA dam ages, which is supposed to have direct correlation with cell killing. Thus, UDS as measured by a routine method may reflect other factors than repair capacity itself.
In the course of microscopic observation of silver grains on the nucleus, we realized considerable variations in nuclear size between B-14 and B-16 lines. Then, we tried to clarify the effect of genome size on UDS, by using the DNA microfluorometry combined with autoradiography 13, 14) DNA content and labeling intensity of each cell nucleus were simultaneously measured by this method. Fig. 6 shows distribution of "DNA content/cell" in labeled and non labeled cells of B-14 and B-16. Non-irradiated B-14 cells exhibit a typical dis tribution pattern of DAN content (Fig. 6a, b) . UV irradiation to B-14 cells resulted in a significant increase of labeled G1 cells. This increase is due to UDS , DNA synthesis occurring in non-S phase 14). In contrast to B-14, B-16 cells showed wide-spread distribution of DNA contents (Fig. 6c) , suggesting a presence of "mixed cell population" which may involve polyploid and/or aneupl oid cells.
Existence of mixed cell populations in B-16 may, at least partly, account for biphasic survival curves for B-16 cells in Fig. 2 . After UV exposure, the cells with a higher DNA contents became labeled (Fig. 6d) . Such cells would have larger numbers of grains, and then would raise the apparent "mean number of grains/ nucleus". Thus, difference in genome size may affect "apparent UDS capacity" obtained by visual grain counting without regard to DNA content/cell , and may account for, in part, the difference in the levels of UDS among cell lines in the present study. 
